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POLARIZATION DIAGNOSTICS AND OPTICAL PUMPING
DEVELOPMENT FOR OPPIS AT LAMPF

D.R. Swenson, D. Tupa, R.L. York, M. Dulick, and O.B. van Dyck
Los Alamos National Laboratory, MP-5, H838, Los Alamos, NM 87544

ABSTRACT

We report improvement of the polanzation diagnostics and their use in the
development of the Optically Pumped Polanzed Ion Source (OPPIS).

INTRODUCTION

We have developed an improved low-cnergy polarimeter (LEPQ) based on the
reaction SLi(p,3He)4He at 750 keV!:2. The unique features of the polarimeter are the
use of permanent magnet momentum analysis? to separate the reaction products from
the clastically scatiered protons, and the use of both 3He and #He data to determine
the polanzation. The polarimeter has been used in source optimization studics. We
have continued development of Faraday rotation diagnostics for measuring the alkali
vapor density and polarization. The improvements include new calculations and
improved technique. We have studied the effect of the laser spectral distributiou on
the beam polarization.

LOW ENERGY OLi POLARIMETER

The LEPO polarimeter allows the nuclear polarization of the beam 1o be
mecasured without using scarce and expensive accelerator time.  LEPO operation
requires resolving the 3He and/or 4He reaction  products in the presence of a much
larger background of clastically scattered protons. Past attempts using silicon surface
barrier detectors with energy resolution or coincidence techniques have sutfered
hecause the clectronics were not tast enough to handle the background rate. We have
solved this problem by adding a permanent magnet momentum filter to the detection
system as shown in Fig. |. The momentum filter consists of a pair of 2.54-cm-long
SmCo magnets with a peak ficld of 6.7 kG and a gap spacing of 3.0 mm. The
integrated ficld along the particle trajectory (measured w be 15.7 kG-cm) deflects the
Siicon 1 750-keV protons by 4.7 mm
Surface | while the 2.4 McV 41e and 3.0
Barrier | MecV 3tle (which have nearly the
Detector] same momentum) are deflected
by 2.6 mm. Two collimating
slits (1.0 x 2.4 mm) reduce the
spot diameter to 4.3 mm at the
detector and define the scattenng
angle. A third slit trunsmits the
He while blocking the protons,
Target Figure 2 shows coergy
spectra - with and  without
momentum analysis, In the latter
Polarized lon beam case, hoth the 4He and e peaks

are clearly resolved and can be
Tg. 1. The momentum analyzed detector sysiem  yeed 1o ealeulate the polarization.
for the LEPO) polarimeter.
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750 keV protons

Pulse Pile-up

3.0 MeV 3He
2.4 MeV 4He

Log Counts

Energy Bin

1g. 2. Typical Mulu-channel Analyzer (MCA) data measured with (thick line) and
without (thin line) momentum analysis.

Indeed, it is possible to measure the polarization using only one detector and the ratio
of the two peak areas. For our experiments, two symmetric detectors mounted at 52
degrees above and below the beam were used to detect forward scattered particles.
The polarization can be determined using the conventional "ratio method” using spin
reversal with the two detectors and either the YHe or 4He data® . If the polanization is
the same in both spin states, the ratio of the analyzing powers for the two reactions
can be determinedS. Another way of determining the polarization uses data from both
peaks on both detectors, the "four peak method”. The four peaks can be used o form
the ratio:

R = N!I‘N!H _ Q!”Qu(l + (l]P)(l —_(:l_gp_) =R (l +U._]P)(l —(l,;P)' 1
NuaNay 2,483 (l + (14P)(l - 1[’) 0 (l + (14P)(| —(l_‘gp)

where N is number of counts, € is the detector acceptance solid angle. a is the
analyzing power, P is the beam polanzation, and Ry, is R measured with unpolarized
becam. The subscripts distinguish hetween the YHe or *He peaks on the "up” or
"down" detectors, The quadratic eguation can be solved for P as a function of R/R,
and the known analyzing powers, This method allows the polarization for cach spin
state to be determined independently, and it is less sensitive to changes in the false
asymmetry or heam steering.  The different methods provide cross cheeks o limit
systematic errors.  Experimental results using these methods are discussed below.

LEPQO RESULTS

Results with the momentum analyzed version of LEPO) are encouraging,
aihough improvements are needed.  The most serious problem was the limited
lifetime of the targets. The targets consisted of 120 pg/em?2 of OLIF evaporated onto a
40 pig/em? carbon foil. To achieve a lifetime of a few days, it was necessary to limit
the average beam current to 0.5 pA. Count rates for cach peak were typically | count
per second per pA. The proton background rate was 5 times larger. Count rates were
sensitive o the beam steering. The beam had to be positioned precisely to get equal
rates in the two arms, which indicates that the alignment was not ideal. One would
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expect the ratio of the JHe and *He peaks measured with one detector for unpularized
beam would be constant because the momenwums are nearly the same and hence the
Q's should be the same. If this were so. with proper alignment, Rg would equal 1 and
would not need to be measured. This was not always the case, indicating possible
misalignment of the detectors or problems with the target. Measurements taken
during one-day indicated that R did not dnft. For example, during a one day run
with unpolanzed beam, five measurements of P yielded a standard deviation of 0.9%,
in agreement with the counting statistics. However, from day to day, measurements
of Rg ranged from 0.81 to 1.02. More study of the systemauc errors is needed. Using
the measured Rp. the "four-peak method” gave consistent polarization measurements.

LEPO was used in source optimization studies. The measurements showed
better polarization with a 7-hole exwraction lens (3.3-mm-diameter ion beam) than
with a 19 hole extraction lens (4.3-mm-diameter ion beam). The polanzations were
6912% versus 63t1%, which agreed well with later measurements at 800 MeV. A
tubular pu-meuwl shield was installed around the zero-crossing region of the Sona
transition. The polarization without the shicld was 62.6£1.7%; with the shiela it was
63.711.1%. thus showing litle improvement. Measuremnents varying the laser size by
200% indicated little dependence on laser size.

FARADAY ROTATION DIAGNOSTICS

Faraday rotation

is a useful diagnostic lor

80 - - cormeeeeoposm——ee oo cvrer oo measunng the thickness
| {I ' - and electron spin polar-
(1 r ization of an alkah va-
por. Extracting useful

, information from the
measurements requires

' I P accurate calculations of

!
'
0 | ! : :
the Verdet constant for
o . unpolarized and polar-
8o - J \k ' ized vapor. M. Dulick

has written a computer

10 |-

FARADAY ANGLE (deg)

40 | + program® that calculates

i these constants for cach

0} i« of the alkalis, for all

,  probe laser frequencies,

20 | ; n_nd for all magnetic

ficlds. A copy may he

obtained from the

0 authors. Mecasurements

. T . with Na and K vapor at

1290 17900 13000 13080 13040 130e9 YAMOUS _Ir.cuqf:nucs ‘f“d

X magnetic  fields  are

FREQUENCY (cm } consistent  with the

Fig. 3. Mocasured and calculated Faraday rotation calculations. Figure Vis

angles for unpolanized (U) and polarized (P) K vapor. an example of our data
Thickness is 5.0x 1013 cm*2 and polarization 72%. at 3 kG.
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At the last conference’, we described several techniques for measuring
Faraday rotation. The measurements of Fig. 3 were made using the "Two-detector
method”. We have turther developed the "Rotating A/2 plate method” and have found
it o be the method of choice. The "Rotating A/2 plaie method” gives accurate, stable,
real-time measurements and does not require frequent calibration. [t was used 1o test
the accuracy and stability of the OPPIS automated spin tlip over several days .

LASER FREQUENCY DISTRIRUTION

The spectral output of our Ti:Sapphire laser is narrowed by two uncoated
ctalons (200 GHz and 200 GHz free spectral range) to match the Doppler-broadened
absorption line of K vapor (1 GHz FWHM). It consists of four or more discrete
longitudinal cavity modes spaced 225 MHz apart, as shown in Fig 4a. The discrete
naturc of the distnbution may limit the optical pumping efficiency because the mode
spacing 18 large compared to the nawral line width  To test the effect of a more
uniform laser spectrum, we have obtained a prototype vibrating laser cavity mirror®,
The mirror is mounted on a high-tfrequency acoustic horn, which is excited by a
piezo-electric modulator. This allows the laser cavity length, and hence the trequency
of the cavity modes, to be modulated at 140 kHz, which is faster than  the average
wall collision rate (45 kHz) of the K vapor. Figure 4b shows the laser frequency
distribution with the modulator on. In limited tests conducted during accelerator
operations, the modulator did not affect the polarization of the beam as measured by
the 8)-MeV polarimeter.  Further tests are needed. A larger improvement is
expected tor Rb vapor because the linewidth is greater.

[ [
[} o
8 3
Q. Q.
Fraquency rrequency
ag. da. ?_.nscr Spectrum - with Fig. db.  Laser Spectrum with
modulator oft. Laser power 38 W, odialator on, Laser power 1.5 W,
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